A research strategy was established to analyze the structure of timber trees in terms of forest productivity (volume and wood density) of 10 species. The native species Acacia farnesiana, Acacia schaffneri, Bumelia celastrina, Cercidium macrun, Condalia hookeri, Ebenopsis ebano, Helietta parvifolia, and Prosopis laevigata and the exotic species Eucalyptus camaldulensis and Leucaena leucocephala were chosen due to their ecological and economic importance to the rural villages of northeastern Mexico. Measurements of different growth parameters and volume of trees were evaluated. The introduced species E. camaldulensis and L. leucocephala showed the best performance in wood volume production per tree and per hectare when compared to the native species. Likewise, among the native species, E. ebano, P. laevigata, C. hookeri, and A. farnesiana tended to show better characteristics in terms of wood volume production in comparison to H. parvifolia, A. schaffneri, C. macrum, and B. celastrina. Results showed a high diversity on the properties studied. The high biomass produced by most of the species considered in this study revealed their great energetic potential when used as wood and firewood or vegetal charcoal.
Introduction
Forest resources of Mexico rank third in importance in Latin America, covering more than 0.6 million km 2 , 32.75% of the country area [1] . Eight different vegetation types have been described from northeastern Mexico. Among them, thornscrubs (low forest) are widely distributed under arid and semiarid conditions and also occurring in the high-altitude plateau. Seventy percent of this type of vegetation is located in areas suitable for rain-fed cropping and the rest in tropical and subtropical lowlands. Today all forest areas in Mexico cover less than a fifth of the national territory over an estimated area of less than 34 million ha with temperate and tropical lowland forests [2, 3] . In northeastern Mexico the semiarid thornscrub vegetation extends over an area of about 20 million ha where 60 to 80 shrubs and tree species are found, some used by people living in the rural areas for either agriculture, livestock, or forest harvesting [4] . The obtained wood is mainly used for furniture, wagons, tool handles, and different kitchen utensils for rural households, as well as for firewood or charcoal [5] [6] [7] . A great number of studies regarding thornscrubs have been reported with frequent topics such as description of flowering patterns, germination rates, and fruit production as well as ecological interactions between microclimatic conditions, water relations, soil modification, and nitrogen fixation [8, 9] . Concerning forestry management, the topics included are seed collecting and scarification, germination, pests and diseases, pruning, and species selection. A great number of studies on thornscrub have been reported, but a complete analysis of wood properties has been carried out for only a few species [10, 11] . Thus, the main objective of the present research is to determine the forest potential of thornscrubs in terms of the physical properties of the wood of 10 timber species of major importance in the ecology and the economy of the arid and semiarid regions of northeastern Mexico and to establish a basis for 2 International Journal of Forestry Research better utilization of these species. Most of these species have a high atmospheric nitrogen fixation capacity, fast growth, shooting capacity, wood and firewood production capacity of high caloric value, and the capacity to grow successfully under a wide range of conditions [12, 13] .
Material and Methods

Description of the Study Area.
The experimental area is situated on a plain region at 400-600 m altitude in the piedmont of the Sierra Madre Oriental in Mexico (24 • 47 north latitude and 99
• 32 west longitude). All the area is covered by the typical semiarid thornscrub dominated by woody plants which support cattle production and crops. The regional climate in the scheme of Köppen modified by García [14] is defined as semiarid and subhumid [(A) C (Wo)] with two rainy seasons (summer and autumn) and a dry spell between November and April. Mean annual precipitation is 780 mm [15] . The month with the largest mean rainfall is September (180-200 mm), and the lowest monthly registration occurs in December and January (15-20 mm) . Average number of days with rain precipitation per year is 85 ± 15. About half of these days show precipitation amounts of <5 mm, mainly related to thunderstorms resulting from deep convection by midlatitude disturbances [16] . Coldfront systems generate most of the winter rainfall, accounting for <10% of the long-term annual average. Potential evapotranspiration estimated by the Thornthwaite method is −1150 mm [17] . The mean annual temperature is 22.3
• C with a large difference between winter and summer (abs. min. 12
• C, abs. max. 45
• C) and even within the same month. Hail and frosts usually occur each year even after the beginning of the growing season in March. The water budget is unbalanced. The ratio of precipitation to free evaporation is 0.48 and precipitation to potential evaporation is 0.62.
Most soils of the region are of rocky type of Upper Cretaceous rich in calcite and dolomite. The dominant soils are deep, dark grey, lime-clay vertisols which are the result of alluvial and colluvial processes [18] . They are characterized by high clay and calcium carbonate content (pH 7.0-8.0) and low organic matter content. Analysis of major nutrients reveals phosphorus and nitrogen deficiencies. Nitrogen is very volatile in the prevailing climate, and it is apparently lost when the vegetation is cleared from sites with diverse species of woody legumes, leaving the soil exposed to alternating conditions of heavy rain and extreme isolation. Such soils can be 3 m deep or more and are preferred for agricultural seepage. Underground water is hard but nonsaline.
Most plant species overlap vertically from 0.5 to 6.0 m [19, 20] , and horizontally average distance between shrubby stems is 30 cm while mean crown radius is 47 cm, resulting in a mean overlapping radius of 17 cm. Average open space between shrub canopies is 10 cm.
Species and Sample
Trees. The 10 timber species used for this research were selected from those most preferred and used by the rural population because of their availability, high wood volume as timber for construction natural durability, and good construction quality [10, 21] .
Those harvested trees for high-quality craftsmanship were selected after their combination of beauty, working properties, and stability. Thus, 10 native and introduced species were considered. Table 1 shows information about the name, family, and the wood characteristics of each of these species. Eight of the species used in the experiment are native to arid and semiarid zones in Mexico and adjacent USA territories. Eucalyptus camaldulensis and Leucaena leucocephala were also included in this investigation due to their importance as a naturalized species in the region.
The area of study covered 2,000 ha rich in wood arboreal and shrub vegetation with a density of 1,800 to 2,500 plants ha −1 according to the forest inventory carried out by Heiseke and Foroughbakhch [22] . Twenty plants from each of the eight native species considered as arboreal representatives of the local vegetation were selected through a stratified and random sampling. A previous growth ring count study [22] revealed that trees are currently 35 to 40 years old in average. For the naturalized wood species in this area (L. leucocephala and E. camaldulensis), plantations with representative trees around 35 years old were located next to the adjacent natural vegetation, and 20 individuals for each of the two species were selected at random. Results on the growth and yield parameters of native plants growing in nature were compared to the same parameters obtained in plantations of the same species in a monoculture system of about 30 years old. Thus, the experiment was evaluated on the basis of measurements of the following variables taken on 20 individuals per species: height increment (using a height pole), basal diameter BD (at 10 cm above the ground, using a diameter tape), diameter at breast height DBH (at 1.38 m above the ground, using a tree caliper), crown surface area (C) which was determined by projecting the edges of the crown to the ground and measuring the length from edge to edge through the crown center along the North-South axis (D1) and East-West axis (D2) to enter the obtained values in the formula [23] , and firewood volume. All these parameters were estimated based in the age of the trees. Firewood volume (V ) was estimated by using the Smalian equation [24] based on each yield plant −1 species −1 (standing without cutting the tree) taking into account all of those trunks with a length of 1.8 m or higher and 0.1 m in diameter in both upper and lower extremes or those individuals with diameter values at breast height equal to or greater than 0.1 m, as it is considered a suitable commercial size for constructions in the rural areas in Mexico:
where D 1 (m) and D 2 (m) are the diameters in both upper and lower extremes of the pole and L is the pole length (m).
Physical Properties (Wood Density).
The material for physical and mechanical assays was obtained from heartwood in the bole zone, 0.3 m to 1.3 m above the tree base, according to Panshin and Zeeuw [31] . The basic densities of the ten species were measured by testing 30 wood specimens per species with dimensions 10 × 20 × 20 mm, corresponding to longitudinal × radial × tangential directions, respectively. Volume was measured on green condition of the specimens (specimens obtained immediately after felling the trees). Dry weight was obtained after drying the specimens at 103 ± 3 • C until constant weight was reached. The basic density was calculated by the following formula:
where ρ B = Basic density (g cm −3 ), m dry = mass (g) on oven dry condition (103
• C) and v g = green volume (cm 3 ).
Statistical Analysis.
Growth parameters and volume measurements were converted to amounts per each woody tree. The mean values and standard errors were calculated for each species. Regression models were applied to determine the R 2 (coefficient of determination) between crown area and the increment parameters (height and basal diameter) [32] . Contrast tests (Duncan's multiple-range test-DMRT) were applied to compare the obtained mean values [33] with 
Results and Discussion
Height, Diameter, and Crown Development.
The height and diameter parameters are proper indicators of the site conditions (soil and climate) although they are also dependent on factors such as interspecific competition, standard density, and climatic conditions. The latter factor seems to determine the growth and development of the evaluated species in northeastern Mexico. In the present investigation the introduced woody species (in monoculture systems) showed an adequate height, diameter at breast height, and basal diameter increments in comparison to the native species in northeastern Mexico ( Table 2) . Eucalyptus camaldulensis and Leucaena leucocephala, naturalized species with an average height of 15.6 and 6.5 m, respectively, and 0.52 m and 0.25 m of BD increment, showed both a remarkable and fastest growth rate in addition to a particularly high drought resistance even though their individuals were more sensitive to low temperatures during winter and at the beginning of the growing season. However, their sensitivity to low temperatures does not limit their use as a forest tree while their rapid growth makes them ideal for forestry and agroforestry purposes. Since most of the species employed in this study developed a broad disperse canopy, the stand density varied among species as the trees matured. The high plant density corresponding to the thornscrub of northeastern Mexico (over 2,500 plants ha −1 ) and the surface available (between trees) in the natural vegetation notably influenced the growth in height and diameter of all species.
Under normal conditions, wood and firewood volume production is a function of height and crown size in arborescent dicotyledonous species in which the lateral branches grow more quickly than the central apex. This growth habit gives rise to a broad disperse canopy, especially in poor or dry sites [34] .
Cercidium macrum (R 2 = 0.85), Ebenopsis ebano (R 2 = 0.78), Acacia farnesiana (R 2 = 0.75), and Prosopis laevigata (R 2 = 0.71) produced a broad crown which promote their ability to develop a large basal diameter. Data suggest that these species are more capable to develop properly in cleared sites along their natural distribution areas than other native and introduced woody plants. This is an important consideration for forestry and silvicultural management in the Tamaulipan thornscrub. Aggressive crown expansion of native species may inhibit the growth of slow-growing valuable wood-producing trees in mixed stands if species have heterogeneous growth rates.
The analysis of the development and environmental responses of each tree species using commonly accepted criteria, such as survivorship and growth in height, diameter, and projected foliage cover, suggest that each species has unique aspects of growth potential. The relationship between variables helps to highlight these characteristics. It has been observed that the growth rate of the ten species is very different in semiarid zones of northeastern Mexico. Heiseke and Foroughbakhch [22] obtained a mean annual diameter increment (at breast height) of 0.2-0.4 cm year −1 and a height increment of 13-24 cm year −1 for 296 woody native species. The data are the means for approximately 30 species, including most of native species grown in natural vegetation.
Wood Volume Determination.
The high biomass production of most species is important not only to the production of the shoots as pasture for the animals but also as an energetic source in production of posts, firewood, and other products. The results of the harvested firewood yield volume of 10 native and naturalized species (Table 3) In general terms, the production of firewood and timber by native plant species growing in nature is well below the values obtained for the same species under plantation in monoculture systems. This difference is attributed to the high density of plants (more than 2,500 plants ha −1 ), the interspecific competition, and the presence of species such as Helietta parvifolia with allelopathic characteristics. The fuelwood situation in developing countries can be improved by planting more trees and improving the management practices of the existing forest resources [35] . In the arid and semiarid zones of northeastern Mexico, firewood planting can use species with short boles, crooked trunk, or wood that warps or splits as it dries. These features are not as detrimental to fuelwood use as to timber production nor is stem size. In simple cook stoves, for example, branches as small as 4 or 5 cm in diameter may be ideal. Thus a shrub may prove satisfactory for village fuelwood silviculture if it grows fast and produces a dense wood that burns with intense heat [36] .
Indiscriminate wood and firewood collection is currently one of the main causes of reduction of native vegetation in northeastern Mexico. Intensive plantations with native woody species on accessible sites can help to relieve this pressure on natural forests by supplying a large share of the needed firewood more conveniently.
Physical Properties of Woody Plants.
Density defined as the mass per unit volume is an accurate indicator regarding wood resistance of wood and the amount of cell wall substance. Thus, there should be a strong correlation between the basic density and the mechanical properties [31, 37, 38] . The basic density of the ten species from thornscrub is presented in Table 4 .
Basic density from the tree species was classified according to the 10-type classification system developed by Panshin and Zeeuw [31] . Table 4 ). According to the basic densities detected on this research, the management of thornscrub species should be focused in promoting their industrial use, especially those from classes from 7 to 9. However, the least dense species as Leucaena leucocephala and E. camaldulensis could be integrated on multipurpose plantations for biomass production.
Mechanical properties are used to describe the wood strength and the ability of the wood to resist applied or external forces [40] . Elasticity is defined as the property which enables a loaded material to recover its original form after the load is removed; if the load is greater than a certain value, the material will display a plastic deformity or even failure. The elasticity and density properties are fundamental in determining the quality of wood [41] .
Conclusions
A major need for the semiarid forest of northeastern Mexico is the rehabilitation of those marginal lands which have been highly degraded, compacted, and presently eroded by inadequate forestry and agroforestry activities. On less productive soils, forestry with a pastoral component should be established, especially in places with native vegetation, which is under severe pressure due to wood exploitation and overgrazing. In this sense, a structural analysis on woody trees in terms of growth and forest productivity (volume and density of wood) of ten species of ecological importance to the rural population and regional industry in northeastern Mexico was made. Growth rates and wood volume of Eucalyptus camaldulensis and Leucaena leucocephala as exotics species were clearly superior to all other species and showed the highest yield under the soil and climate of thornscrubs of northeastern Mexico; thus, these species have the potentiality to become important for fuelwood and forestry activity for the region. Prosopis laevigata, Ebenopsis ebano, and Condalia hookeri showed characteristics of woody species and a strong capacity for precocious canopy expansion. Helietta parvifolia and in a lesser extend Bumelia celastrina share similar characteristics.
Acacia farnesiana and Acacia schaffneri are exploited for multiple purposes and should be considered for future planting in forestry and silvicultural systems. Helietta parvifolia and Condalia hookeri are considered important fuelwood sources, but detailed studies are required because these species are an important timber resource in the Tamaulipan thornscrub providing the rural community with hard and durable posts for fences and construction. The rest of the species showed good growth and a high forest potential playing an important role in the diversification of silvicultural activities and management programs in native areas.
Results on the physical and mechanical properties of these ten species from thornscrub show noteworthy values on several woody species, for example, basic density for Condalia hookeri, Ebenopsis ebano, and Helietta parvifolia, high modulus elasticity, and rupture for Acacia schaffneri, Ebenopsis ebano, and Helietta parvifolia. Grouping species on density classes allow us to find species with similar characteristics that could be used together. This grouping may apply for several tree species growing in the thornscrub with similar density values, for example, between species on classes II and III, to be used for similar purposes.
There is obviously a great interest for a larger use of leguminous trees for wood volume, firewood, and shade. Among the main reasons is the need for reforestation with trees that restore soil fertility (leguminous species) while binding the soil with their roots and allowing better water infiltration. The general methodology applied in this research gave positive results that could be used to develop strategy actions in forest programs (reforestation and rehabilitation of degraded ecosystems) with proper management plans for timber species in order to preserve plant communities of semiarid areas of Mexico.
